ABSTRACT. A reliable archaelogical chronology for medieval sites in northwestern Russia depends in part on a refined regional calibration scale for 14C dates. We present results of dates on tree-ring series from Novgorod that show a systematic discrepancy from European calibration curves, and that underline the need for more extensive 14C dating as the basis of an extended calibration curve for the region.
INTRODUCTION
The main problem in studying early medieval archaeology in northwestern Russia is refining the chronology. Archaeological sites of the first millennium AD consist of banks of earth of the longbarrow and mound cultures and their respective settlements. Over the past 15 years, excavations have contributed little to the chronology of pre-Christian cultures. Occasional finds from diverse structures that cover a wide range of dates make typological association an unreliable dating method. Radiocarbon dating provides a promising tool for the solution of these problems. To establish a detailed chronology of the second half of the first millenium AD of northwestern Russia, we must obtain a representative series of 14C dates for settlements and burials of that time, and integrate these with established chronologies of later city centers. The chronology of prehistorical Novgorod, the principal city of that region, is based on the correlation between the cultural layer levels and dendrochronologically dated pavement levels.
DENDROCHRONOLOGY AND RADIOCARBON DATING OF NORTHWEST RUSSIA Bassalygo, Sorokin and Khoroshev (1988) based their research on Novgorod absolute dendrochronology on the pioneering work of Chernykh (1985a Chernykh ( , b, 1987 , who established a dendroscale for Ryurikovo Gorodische, Pskov, and Ladoga, which extends from the early 15th to the early 7th centuries. Extension of the absolute dendrochronologically based time scale is hampered by the lack of tree-ring samples from eastern Europe. The West European time scale, based on oak and pine from Northern Ireland and Germany, embraces the interval from the present to ca. 10,000 BC (Schmidt et al. 1988) , and is a reliable foundation for archaeological chronologies. For northwestern Russia, however, direct dendrochronological dating of archaeological remains of medieval times suffers from a lack of suitable material (Popov 1989b) .
Tree rings are considered universal indicators of 14C concentration in the atmosphere, and thus serve as the basis for the construction of 14C calibration curves. Kocharov et al. (1985) have studied astrophysical phenomena affecting 14C variation in the atmosphere. High-precision 14C measurements have also been used to correlate floating dendroscales with absolute chronological systems (Bitvinskas et al. 1978; Marsadolov 1985; Markov et al. 1987) .
RADIOCARBON CALIBRATION AT NOVGOROD Kocharov et al. (1985) and Kolchin et al. (1984) measured 14C concentration in tree rings from AD 1074-1402 from excavations in ancient Novgorod. To test the applicability of the calibration curves (Stuiver and Pearson 1986; Stuiver and Becker 1986) to the chronology of northwestern Curves may differ from each other because of variables stemming from different approaches to:
1) measuring the 14C activity in tree rings; 2) diverse referencing standards; and 3) processing of results. Some investigators use a smoothed curve, which excludes deviations in 14C concentration, whereas others use a "fine" structured curve, which takes into account short-term 14C variations (Dergachyov 1983 ).
We averaged ages in a "sliding" window comprising five dates in a calendar sequence and sequentially shifting by one sample. The calibration obtained in a range of dates with an error of 1 a = t 20 yr is compared in Figure   3 . Shown also in Figure 3 are calibrations for that time range plotted by Stuiver and Pearson 1150 (1986) and Stuiver and Becker (1986) . The measurements and calculations were carried qQ out at two laboratories using identical meth- Stuiver and Becker (1986) ; 2) from data growth, regional climatic factors and lack of reported in this paper; 3) from data of Stuiver and Pearson isotopic fractionation (Arslanov 1978) . (1986) The differences in the results outlined above are not very important, and do not rule out the utility of calibration curves for the first millennium AD. However, for the Novgorod project, we prefer to use the portion of our curve that takes into account the regional peculiarities of the We 14C-dated several structures and excavations into the original ground at the Vasilevskoye I site in the Novgorod area. All archaeological evidence dates this complex to the 9th-10th centuries (Nosov 1990) . Table 3 shows the results. Both sites were contemporaneous and belonged to the same construction period. We have dated some "long-barrow" cultural sites. Concurrent with the log dwelling on the Storozhinets hillfort east of Lake Chudskoe (Popov 1985; were Burials 1 and 2 in the ground pits under Barrow 18 of the Beryozno burial ground (Kuz'min 1988) ; the dwelling structure on the Zaozerye site was constructed somewhat later (Konetskii 1987 ). Dates of the upper level of the fortifications of the Storozhinets site (mid-6th century) are confirmed stratigraphically, the base of the log dwelling being embedded in the overlying earth bank (Popov 1989a) . All the 14C dates agree well with archaeological dates. We also successfully dated more recent occupations at Ryurikovo Gorodische.
The bases of interconnected structures (presumably, princes' tower chambers) in use from the 12th-15th centuries were dated archaeologically (Nosov 1987) .14C dates, LE-4405 and LE-4411, of timber remnants from Ryurikovo suggest the mid-13th century as the time of the original erection of the structures. The time of their destruction (mid-15th century) was determined by dating the charcoal from the floor that collapsed into the base level.
Dating bone collagen is technically more complicated than dating charcoal. To a great extent, results depend on chemical preparation of the samples, which sometimes fails to remove all contaminating carbon (Arslanov 1987) . This is probably why the date on bones (LE-4415, Table 3) is younger, although the use of burned structures as refuse pits cannot be ruled out. The posthole (LE-4415, Table 3 ) also dates to later times. A single first millennium date for charcoal from the moat at Ryurikovo Gorodische lake (LE-4404, Table 3 ; Nosov 1987) is not sufficient to guarantee the results. and tree-ring dates for AD 882-962 agree well. However, a consistent discrepancy of 80-90 yr is apparent between Russian and European calibration curves. Recent interlaboratory comparisons both at home and abroad rule out laboratory preparation techniques as a possible cause for this discrepancy, which is more likely due to regional climatic fluctuation as well as isotopic fractionation.
We are in possession of wood that would enable us to construct a continuous calibration curve for the interval, AD 750-1000. To refine the archaeological chronology of northwestern Russia, it would be important to extend this curve to AD 400-500. This would be feasible only if the excavations now in progress at Staraya Ladoga were continued. Until the extended calibration curve has been constructed, the above-mentioned calibrations may be used. At the same time, for settlements of the late first millennium AD in the Novgorod area, our portion of the calibration curve should be used.
Extensive
14C dating should clarify the chronological picture of northwestern Russia in the second half of the first millenium AD. It would be important to date the appearance of the tumuli, as well as the long-barrow and mound cultures. Another area for future research is the relation between the long-barrow culture and the preceding Early Iron Age. Serial 14C dating of early medieval antiquities, accounting for all the factors affecting age, using calibration curves and other dating methods, will help solve the chronological problems of northwestern Russia. 
